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Abstract 

In present study, an experimental evaluation was conducted 
on density, compressive strength, elasticity modulus, 
toughness and flexural strength of High-Strength Flowable 
Mortar (HSFM) reinforced by steel fibers. The results 
obtained from experiments, showed with the increasing fiber 
content ratio up to 1.75% the flexural strength , toughness, 
and density would be increased simultaneously, while the 
fiber content ratio reaches 1.25%, the compressive strength 
increases 15%. Also, the results indicates that utilizing steel 
fiber more than 1.25% ,would decrease compressive strength. 
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Introduction 

Generally, high-strength mortar (HSM) like concrete is 
a brittle material. Adding fiber to plain matrix of HSM 
may improve impact behavior; toughness and 
ductility (Al-Oramie et al 1995, Banthia and 
Sappakittipakorn 2007). Many researchers have 
conducted several experiments to investigate 
structural behaviors of ordinary concrete by adding 
glass fiber and polymer fiber (Balendran et al 2007, 
Mohammadi et al 2008). One of the important 
properties of steel fiber reinforced concrete is its 
sipperior resistance to cracking and crack propagation. 
Fiber composites possess increased extinsibilty and 
tensile strength. The fibers are able to hold the matrix 
together even after extensive cracking. The real 
contribution of fibers is to increase the toughness of 
the concrete (defined as the function of the area under 
the load vs. deflection curve, under any type of 
loading. Fibers tend to increase the strain at peak load 
and provide a great deal of energy absorption in post 
peack-portion of the load vs. deflection curve. The 
fiber reinforcement acts effectively as rigid inclusion in 
the concrete matrix. Steel fiber renforcements can not 
be regarded as a direct replacement of longitudinal 



reinforcement in reinforced and prestressed structural 
members. The presence of fibres in the body of the 
concrete improves the resistance of reinforced 
structural members to cracking and deflection. On the 
other hand, the fiber concrete may also be used as a 
tensile skin to cover the steel reinforcement when two 
dimensional orientation of the fibers could be obtained. 
The mix proportions of High-Strength Flowable 
Mortar (HSFM) reinforced by steel fibers, depend 
upon the requirements for a particular jobs, in terms of 
strength and workability. The results obtained from 
experiments showed an increase two-three times in 
tensile and flexural strengths of reinforced 
concrete(Zhou et al 1994). New produced concrete 
such as self-compacting concrete(SCC) may be 
designed to have a great degree of flowability, which 
allows the concrete to flow in congested reinforcement 
areas and fill aggregates completely. Flowable mortar 
may bring considerable advantages such as increasing 
brittleness, strength and ductility ( Aydin 2007, Burak 
et al 2007, Markovic et al 2003, Mustafa and Yaman 
2007, Okamura and Ouchi 2003, Steffen and Joost 
2001). The effectiveness of fiber reinforcement in high- 
strength flowable mortar(HSFM) may be investigated 
as a reinforced materials to improve structural 
properties of flowable mortar. The objective of this 
experimental study is to reveal the effects of utilizing 
steel fiber at different volume fractions in HSFM. 

Materials and Methods 

Several procedures for proportioning High-Strength 
Flowable Mortar (HSFM) reinforced by steel fibers, 
mixes are available, which emphesizes the workability 
of the resulting mix. In general, High-Strength 
Flowable Mortar (HSFM) reinforced by steel fibers 
mixes, contains higher cement contents and ratios of 
fine to coarse aggregate than ordinary concretes. 
Commonly, to reduce the quantity of cement, up to 
35% of the cement may be replaced by fly ash. In 
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addition, to improve the workability of higher fiber 
volume mixes, water reducing admixtures and, in 
particular, superplasticizer are often used, in 
conjunction with air entrainment. The second factor 
which has a major effect on workability, is the aspect 
ratio (1/d) of the fibers. The workability decreases with 
increasing aspect ratio (Nguan 2011). The performance 
of the hardened concrete is enhanced more by fibers 
with a higher aspect ratio, since this improves the 
fiber-matrix bond. On the other hand, a high aspect 
ratio advesely affects the workability of the fresh mix. 
In general, the problems of both workability and 
uniform distribution increase with increasing fiber 
length and volume. One of the important difficulties in 
obtaining a uniform fiber distribution is the tendency 
for steel fibers to ball or clump together. The fibers 
should be added free of clumps, usually by first 
passing them through an appropriate screen. Also, 
water should be added to HSFM reinforced by steel 
fibers mixes to improve the workability only with 
great care, since above water-cement ratio of about 0.5, 
additional water may increase the slump of HSFM 
reinforced by steel fibers, without increasing its 
workability. 

In this study, in order to investigate structural 
properties of HSFM reinforced by steel fibers, some 
materials have been selected as follows: 

• Ordinary Portland cement typel with chemical 
composition indicated in Table 1. 

• Silica fume as a partial replacement of the cement 
with chemical composition given in Table 1. 

• Superplasticizer was used in the weight of the 
binder (cement and silica fume) up to 1.8-2.2%. 

• Fine aggregate of natural sand with fineness 
modulus of 2.80% and maximum size of 5 mm. 

• Steel fiber in hook end shape with characteristics 
shown in Table 2. 

With the adding of mentioned materials, reinforced 
HSFM has been made and 9 experimental mixes were 
evaluated according to Table 3. The water-binder 
(cement plus silica fume) ratio was 0.45 and the silica 
fume replacement was 10%. The amount of the 
superplasticizer(SP) varied from 1.8% to 2.2% by the 
weight of the binder materials. The control mix (M0) 
was designed according to standard methods (ACI 211 
2000, Gang et al 2008). Steel fiber at volumetric 
fractions of 0.25, 0.50, 0.75, 1.0, 1.25, 1.75 and 2% of the 
mixes was used in M1-M8 mixes. 



Table 1. Chemical Composition Of Ordibary Portland Cement 
And Silica Fume 



Constituent 


Ordinary Portland 
cement 
(% by weight) 


Silica fume 
(% by weight) 


CaO 


65.0 


1.5 


Sio2 


22.0 


89.5 


A1203 


5.5 


1.5 


Fe203 


2.5 


1.5 


MgO 


2.0 


0.5 


S03 


2.0 


0.4 


N20 


0.05 


0.9 


LOI 


0.6 


2.0 


C3S 


53.0 




C2S 


21.0 




C3A 


9.5 




C4AF 


9.5 





Table 2. Characteristics Of Steel Fiber 



Fiber properties 


Values 


Average fiber length(mm) 


40 


Average fiber diameter(mm) 


0.6 


Tensile strength(MPa) 


1100 


Ultimate elongation (%) 


2 


Specific gravity((kN/M3) 


7800 



Table 3. Hsfm Mixes Proportions In Experiments 







Sili 












Sp 
eci 
me 
n 


Ceme 

nt 
(Kg/m 

3) 


ca 
fu 
me 
(Kg 
/m3 
) 


Wate 
r 

(Kg/ 
m3) 


SP 

% 


San 

d 
(Kg/ 
m3) 


Water/ 
(Ceme 
nt+Sili 

ca)% 


Stee 
I 

fibe 

r% 


M0 


550 


55 


255 


1.8 


1400 


0.45 





Ml 


550 


55 


255 


1.8 


1400 


0.45 


0.25 


M2 


550 


55 


255 


1.8 


1400 


0.45 


0.50 


M3 


550 


55 


255 


1.8 


1400 


0.45 


0.75 


M4 


550 


55 


255 


2.0 


1400 


0.45 


1.00 


M5 


550 


55 


255 


2.0 


1400 


0.45 


1.25 


M6 


550 


55 


255 


2.0 


1400 


0.45 


1.50 


M7 


550 


55 


255 


2.0 


1400 


0.45 


1.75 


M8 


550 


55 


255 


2.0 


1400 


0.45 


2.00 



Three 50 mm cubic samples were made for each mix to 
experiment on the density, compressive strength, 
toughness, flexural strength and modulus of elasticity 
of HSFM. The test was preformed after placing cubes 
in molds for 24 hours at 24 degrees of centigrade and 
demolding in water until the time of tests. The tests to 
obtain dry density of the specimens were adopted 
according to standard methods (EN1015 -6 1998) and 
(EN1015 -11 1999), respectively. While the tests to 
obtain modulus of elasticity and flexural strength of 
the specimens were adopted according to standard 
methods (ASTM C469 2000, and EN1015 -11 1999) by 
preparing three 40 x 40 x 160 mm specimens, 
respectively; and the toughness was determined 
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according to (ASTM C1018 2000). 
Resuts and Discussion 

It can be concluded from experimental experiments 
that the dry density at 7 and 28 days for prepared 
mixes is increased while the volume fraction of the 
steel fiber increased (Table 4 and Figure 1). 




1 1.5 
Volume of steel fiber (%) 



2.5 



FIG 1. FIBER CONTENT WITH DRY DENSITY AT 28 DAYS 
Table 4. .Mechanical Properties Of Hsfm Mixes 



Spe 
cim 
en 


Stee 
1 

fibe 
r% 


Dens 
ity 
(Kg/ 
m3) 

(7day 
s) 


Dens 

ity 
(Kg/ 
m3) 
(28da 

ys) 


Compre 
ssive 
strengt 
h (MPa) 
(7days) 


Compre 
ssive 

strength 
(MPa) 

(28days) 


Modulu 

s of 
elasticit 

y 

(GPa) 
(28days) 


M0 





2300 


2320 


43.5 


56.0 


33.0 


Ml 


0.25 


2320 


2335 


46.0 


58.0 


36.0 


M2 


0.50 


2330 


2340 


47.5 


59.0 


37.5 


M3 


0.75 


2345 


2350 


49.0 


61.0 


39.0 


M4 


1.00 


2365 


2370 


51.0 


63.0 


42.0 


M5 


1.25 


2375 


2385 


52.0 


64.5 


44.0 


M6 


1.50 


2385 


2390 


48.5 


59.0 


45.5 


M7 


1.75 


2390 


2400 


47.0 


56.0 


46.7 


M8 


2.00 


2395 


2410 


43.6 


55.5 


47.5 



However, it should be noted where the fibers content 
reached more than 1.25%, there is no enhancement of 
the compressive strength but a drop. According to 
experiments, the most increase in compressive 
strength obtained (15% approximately) by using 1.25% 
of the steel fiber in HSFM. 

The results of experiments showed that the modulus 
of elasticity was increased by about 44% while the 
steel fiber reached 2 %(Table 4 and Figure 3). 

Also the toughness could be determined according to 
ASTM C1018. The 15 and 110 could be calculated from 
the test as the ratio of the area under the load- 
deflection curve up to 3 and 5.5 times the first crack 
deflection, divided by the area up to the first crack 
deflection respectively as shown in Figure 4. Also, 
Table 5 summarized the results of the 15 and ilO for 7 
and 28 days specimens. It would be observed that fiber 



fractions more than 0.5% had an obvious effect on the 
toughness (Figure 5). The flexural strength of HSFM 
was obtained from experiments (Table 5). The increase 
in the flexural strength of the specimen containing 
1.75% volumetric fraction of steel fiber obtained 47% 
approximately (Figure 6). 




1 1.5 
Volume of steel fiber (%) 



FIG.2 FIBER CONTENT WITH COMPRESSIVE STRENGTH AT 28 
DAYS 




0.5 1 1.5 

Volume of steel fiber (%) 



FIG.3 FIBER CONTENT WITH MODULUS OF ELASTICITY AT 28 
DAYS 
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FIG.4 TOUGHNESS ACCORDING TO THE TESTING 
METHOD ASTM C1018 

The increase in flexural strength is particulary 
sensitive, not only to fiber volume , but also to aspect 
ratio of the fibers (Voo and Poon 2008). The higher 
aspect ratio leads to larger strength increases(Nguan 
2011). As indicated previoselly, the flexural 
thoughness is defined as the area under the complete 
load-deflection curve in flexure (Gensel, et al 2011). 
The most commonly used measure of toughness index 
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is proposed by Johnston and incorporated into ASTM 
C 1018 (ASTM C1018 2000). For all of the empirical 
measures of thoughness, fibers with greater aspect 
ratio give higher thoughness values (Voo and Poon 
2007). 




Volume of steel fiber (%) 



FIG.5 FiBER CONTENT WITH TOUGHNESS AT28 DAYS 



14 -i 




-I 1 1 1 1 1 

0.5 1 1.5 2 2.5 

volume of steel fiber (%) 



FIG.6 FIBER CONTENT WITH FLEXURAL STRENGTH AT 28 
DYAS 



Table S.Flexural And Toughness For Hsfm Mixes 



Speci 
men 


Steel 
fiber 


Flexur 

al 
streng 

th 


Tou 
ghn 
ess 

15 
7day 

s 


Toug 
hness 
110 


Tough 

ness 
130 


Toughn 

ess 
(control 


% 


(MPa) 
28day 
s 


28da 

ys 


28day 
s 


specim 

en) 
28days 


M0 





8.5 


1 


1 


1 


1 


Ml 


0.25 


8.8 


1 


1 


1 




M2 


0.50 


9.6 


3.6 


4.0 


4.6 




M3 


0.75 


11.5 


4 


5.3 


5.5 




M4 


1.00 


11.6 


4.3 


5.8 


6.1 




M5 


1.25 


12.0 


4.9 


6.8 


7.2 




M6 


1.50 


12.3 


5.7 


7.9 


8.3 




M7 


1.75 


12.5 


5.9 


8.1 


8.6 




M8 


2.00 


12.2 


5.1 


7.8 


8.3 





Conclusions 

In present study, experimental research has been done 
on HSFM reinforced by steel fiber. The major findings 
from the experiments are: 

A-Utilizing steel fiber at 0.5% has magnificent effects 
on toughness and flexural properties of HSFM. 



www .seipub . org/ce 

B-Utilizing steel fiber has increased the compressive 
strength and the most increase would be obtained at 
1.25% of mortar mix (15% approximately), but beyond 
this percentage, there is a slight decrease in the 
compressive strength. 

C-The use of 2% steel fiber in the HSFM would 
increase the modulus of elasticity about 44%. 

D-The increase in the flexural strength of the specimen 
containing 1.75% volumetric fraction of steel fiber has 
obtained 47% approximately. 
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